Background. Diarrhea remains a common complaint among US patients who seek medical attention. Methods. We performed a prospective study to determine the etiology of diarrheal illness among patients and control subjects of all ages presenting to the emergency departments and outpatient clinics of 2 large academic hospitals in Baltimore, Maryland, and New Haven, Connecticut. We used molecular methods to detect the presence of diarrheagenic Escherichia coli pathotypes, including enteroaggregative E. coli (EAEC), as well as Shiga toxinproducing, cytodetaching, enterotoxigenic and enteropathogenic E. coli.
Diarrhea is a major cause of morbidity and mortality in the developing world, but it receives relatively little attention in industrialized countries. Comprehensive epidemiologic studies, detecting both established and newer pathogens, are now able to identify likely agents in most patients. Notably, however, few of these studies have been performed in the United States.
Several pathotypes of diarrheagenic Escherichia coli (DEC) have been recognized relatively recently. At present, 6 pathotypes of DEC are commonly recognized [1, 2] . Enterohemorrhagic (or Shiga toxin-producing) E. coli (STEC) is well recognized in the United States as the principal cause of hemolytic uremic syndrome, and it is the only diarrheagenic pathotype for which laboratories commonly perform cultures. Like many types of STEC, enteropathogenic E. coli (EPEC) harbors the chromosomal gene eae, encoding the outer membrane protein intimin, and both pathotypes elicit attaching and effacing lesions on the intestinal mucosa [3] . STEC and EPEC are distinguished by the presence of the Shiga toxin-encoding gene in the former. Typical EPEC strains are those harboring both the chromosomal eae gene and the EPEC adherence factor (EAF) virulence plasmid encoding the bfp fimbriae, whereas atypical EPEC (aEPEC) strains harbor the eae and not the EAF adherence plasmid. Enterotoxigenic E. coli (ETEC) is a common cause of traveler's diarrhea [4] , and it is defined by its elaboration of the heat-labile and/or heat-stable enterotoxins. Enteroinvasive E. coli is most similar to Shigella species and possesses similar genetic determinants of pathogenicity. Diffusely adherent E. coli has the most uncertain claim to pathogenicity, as no outbreaks have yet been reported, and volunteer studies did not result in disease. Enteroaggregative E. coli (EAEC) is increasingly recognized as a diarrheal pathogen in developing countries [5] . This pathotype has been traditionally defined by an aggregating cell adherence phenotype, although, more recently, the presence of virulence factors under the control of the AggR regulator has given rise to the designation "typical" EAEC, which is more strongly implicated as a diarrheal pathogen [6] . An additional putative pathotype, called cytodetaching E. coli, harbors the E. coli hemolysin; additional determinants are unknown.
In an attempt to elucidate the etiologies of diarrheal disease in the United States, we performed simultaneous prospective studies in Baltimore, Maryland, and New Haven, Connecticut. In this article, we report the results of surveillance for DEC and find that the role of E. coli, particularly EAEC, in diarrheal disease may be greater than previously appreciated.
PATIENTS AND METHODS
Study setting and design. The study was conducted in the emergency departments and the medical and pediatric clinics at the University of Maryland Hospital (Baltimore, MD) and Yale New Haven Hospital (New Haven, CT). The patients were primarily urban and suburban residents. Complete results of the study will be published elsewhere. Significant differences between the subjects at the 2 sites included a lower mean age at the New Haven site (22.6 years, compared with 33.7 years in Baltimore), and a greater percentage of patients !5 years old in New Haven (40%, compared with 14% in Baltimore). African-American patients were enrolled significantly more often at the Baltimore site (58%, compared with 37% in New Haven), whereas Hispanic patients were enrolled more frequently in New Haven (32%, compared with 1% in Baltimore). Enrollment dates were May 2002-September 2004. The research was approved by the institutional review boards at all participating institutions. The study followed a prospective case-control design; case patients were symptomatic individuals presenting to a clinical site with the self-identified complaint of diarrhea, and control subjects were asymptomatic individuals from the general population without complaints of diarrhea. Asymptomatic subjects included healthy volunteers, individuals presenting to clinics for routine health maintenance visits, and individuals presenting to the emergency department with minor complaints not including diarrhea.
All consenting case and control subjects were enrolled in the study if they completed an interview and provided a stool sample. The interview was designed to assess demographic characteristics, health status, disease symptoms, presentation (for case patients), and potential risk factors for acquiring enteric pathogens. Case patients additionally agreed to allow the research team to review the medical records pertaining to their initial presentation at a clinic or emergency department and to participate in a follow-up interview ∼2 weeks after their visit. Individuals who could not produce a stool sample during their medical visit were sent home with stool collection kits. Individuals were reimbursed for their efforts after study participation.
Detection of enteric pathogens. Fresh stool specimens collected from subjects were emulsified in liquid Cary-Blair transport medium, transported to a microbiology laboratory, and inoculated on primary media within 24 h. Specimens were plated on selective media for enteric pathogens and passaged to enrichment broths, which were subcultured after overnight incubation at 35ЊC. Agar media employed included MacConkey, xylose-lysine-deoxycholate, Hektoen, cefsulodin-irgasan-novobiocin, soy agar 5% sheep blood, sorbitol MacConkey, thiosulfate-citrate-bile salts-sucrose, and charcoal selective medium. Selenite broth was used to enrich for Salmonella. Bacteria were identified by routine microbiological procedures.
For each subject, 5 lactose-fermenting and 2 lactose-nonfermenting colonies from MacConkey medium were pooled and were subjected to direct PCR for E. coli virulence factors (heat-labile, heat-stable, eae, aatA, ipaH, hly, and bfpA) as described elsewhere [7, 8] . The EAF plasmid gene probe was also used to detect typical EPEC. Shiga toxin was assayed using the Meridian Premier enterohemorrhagic E. coli microplate assay (Fisher Scientific), according to the manufacturer's instructions. EIA (TechLab) was used to detect Clostridium difficile, according to the manufacturer's protocols.
Data analysis. A pathogenicity index (PI) was calculated for each etiologic agent; the PI is defined as the percentage of diarrhea patients shedding a particular pathogen or shedding E. coli carrying a target gene, divided by the respective percentage of control patients with positive test results for that same pathogen or factor. Results were stratified by age and study site. Clinical and risk factor characteristics of case patients with DEC were compared with those of other case patients with diarrhea to identify differences in symptoms or risk factors. The 2-tailed Mantel-Haenszel test or Fisher's exact test were used to determine statistical significance ( ). Logistic re-P ! .05 gression and Poisson regression were used to evaluate the associations of у2 variables simultaneously with a proportion. All P values reported are 2-sided, with no correction for multiple comparisons; was considered to be statistically P ! .05 significant.
RESULTS

Prevalence of enteric pathogens in the study population.
Overall isolation rates for bacterial pathogens (with the exception of E. coli) and viral pathogens found in 11% of diarrhea patients are presented in table 1. Viral pathogens predominated. Detailed data for these patients will be presented elsewhere. Data regarding DEC pathotypes are presented in table 2. Con- in Baltimore vs. P ! .03 in New Haven), even though the PI in New Haven P p .08 was higher than in Baltimore (3.07 vs. 2.79). Because there was no statistically significant difference in the isolation rate or PI between the 2 sites, the data from the 2 sites were combined for the analysis of EAEC risk factors and patient characteristics.
The eae-positive E. coli isolates could have represented typical EPEC, aEPEC, or STEC isolates. However, we observed a very low rate of positivity with bfpA or EAF primers, or with the shiga toxin EIA, suggesting that nearly all of these organisms were aEPEC. eae-Positive organisms were not associated significantly with diarrhea, with an overall combined PI of only 1.26.
Association of diarrhea according to age groups and other demographic characteristics. Diarrheal incidence and etiology characteristically vary by age of the patient, with some organisms, such as typical EPEC, demonstrating a striking predisposition to infection in infants [3] . ETEC, in contrast, is pathogenic across all age groups, but it is most common among infants in developing countries, because immunity is acquired from repeated exposure [4] . We, therefore, examined the frequencies of infection with EAEC and eae-positive bacteria by patient age (table 3) . In this analysis, the PI was found to be similar for EAEC in all age groups, suggesting that in the United States, EAEC is not strictly a cause of infection among young persons. Age stratification for aEPEC did not reveal any agespecific variation in PI (table 3) .
Characteristics of patients with EAEC infection. Our study 
DISCUSSION
The past 2 decades have seen the description of several new enteric pathogens, including bacterial, viral, and parasitic agents. However, because most of the burden of enteric illness is incurred among infants and children in developing countries, the majority of diarrhea etiology studies are appropriately performed in such regions. Complete workup of US patients for diarrheal illness is seldom performed, even when the diarrhea is severe enough to prompt an outpatient or emergency department visit. Thus, most cases of diarrhea in the United States, particularly among adults, are of unknown etiology [9, 10] . We undertook a large prospective surveillance study of diarrheal illness at 2 academic centers in the eastern United States. The purpose of the study was to determine the roles of various diarrheal agents, particularly new and emerging infections, among US patients who seek medical care. In this report, we describe the frequency of identification of several pathotypes of DEC, which are not routinely sought in the United States. The molecular targets used in this study have been substantiated as important virulence factors for each of the organisms and/ or have been correlated with diarrhea in epidemiologic studies [2] .
Of the pathotypes sought, only EAEC was a consistent cause of diarrhea among all ages at the 2 surveillance sites. EAEC was isolated for 37 (4.5%) of 823 diarrhea cases and was significantly associated with diarrhea in both sites combined, as well as in Baltimore, when the sites were analyzed separately. Although the association of EAEC with diarrhea in New Haven did not achieve statistical significance, the ratio of EAEC in case patients versus control subjects was even higher at the latter site, suggesting that the lack of statistical significance at the New Haven site was caused by lower prevalence. Our study implicated EAEC as the most common bacterial cause of diarrhea. Interestingly, a large prospective study of diarrhea in the United Kingdom, which detected EAEC using the same molecular target employed in our study, found EAEC to be significantly associated with diarrhea in the general population and to be the second most common bacterial agent after Camplylobacter species [11, 12] . Indeed, the isolation rates of EAEC in case patients (4.6%) and control subjects (1.7%) in that study [12] was remarkably consistent with our findings (4.5% and 1.7%). Thus, the role of EAEC in diarrhea in industrialized countries may be far greater than is currently appreciated.
EAEC is a pathogen increasingly recognized as a cause of diarrhea in infants in developing countries, traveler's diarrhea, and persistent diarrhea in patients with HIV infection and/or AIDS [5] . However, we did not find evidence of an age-related variation in susceptibility to diarrhea due to EAEC infection in our population (the PI was remarkably consistent up to age 60 years), nor was EAEC infection associated with foreign travel, although our study population included only 20 patients who had recently traveled to developing countries. The former observation suggests that the predilection of EAEC infection to occur among young persons in developing countries [2, 5] may not be because of an inherently increased susceptibility of young patients (as seen in EPEC infection); rather, it may be because of acquired immunity in areas where the pathogen is highly endemic. This inference is further supported by the high incidence of EAEC infection among US travelers who visit developing countries, compared with the incidence of EPEC infection [13] . Indeed, the epidemiology of EAEC infection is more like that of ETEC infection, which is common among weanling infants in developing countries and among travelers of all ages. It is possible that the higher rate of ETEC infection, compared with that of EAEC infection, among US travelers to indigenous areas may be caused by the fact that some Americans may already have experience with domestically acquired EAEC infection. Although our study suggested pathogenicity of EAEC throughout life, a recent report from Cincinnati Children's Hospital Medical Center (Cincinnati, Ohio) revealed a particularly high rate of EAEC infection in infants presenting to the emergency department (∼10%) [14] . Our study does not contradict this prior report, because we did not have a sufficient number of subjects in the !12-month-old age group to analyze them separately. Further studies are required to elucidate the age distribution of EAEC infection among US residents.
Our studies did not suggest a characteristic clinical presentation for EAEC infection. Whereas a high proportion of patients with EAEC infection complained of fever, vomiting, and abdominal pain, the relative frequencies of these complaints were not significantly different from those of other patients who presented to a health care site for medical attention. It may be that the emergency department setting introduced bias toward more serious presentations of all etiologic agents. Community surveillance of EAEC infection, compared with infection due to other agents may be required to more accurately depict the typical presentation.
Our study did not implicate other DEC pathotypes as common causes of diarrhea. ETEC infection and EPEC infection are common among infants in the developing world, but for reasons that are unclear (vis-a-vis EAEC), they are not frequent in the United States. Though it is an important cause of morbidity among children in the United States [9] , STEC isolates were not commonly seen in our cohort. This may have been because of geographic variation, with STEC being more frequently implicated in infection in northern-tier states [9] . The lack of implication of aEPEC was notable, in that this organism has been increasingly reported [15, 16] and was implicated as a cause of infection in a subset of patients in the recent Cincinnati, Ohio, study [14] . However, the role of this organism is not fully established, and age-related susceptibility remains a possibility. It is also possible that a subset of aEPEC are, indeed, human pathogens, but the defining characteristic of this subset is as yet unknown. Diffusely adherent E. coli was not sought in this study, though some reports have linked this pathotype to diarrheal illness [17] . However, all molecular detection methods for diffusely adherent E. coli remain flawed [2] , particularly with regard to distinguishing it from uropathogenic E. coli pathotypes.
As reported here and elsewhere, our study has generated several important observations regarding the etiologic agents of diarrhea in the United States. Despite the fact that diarrhea is a less important cause of morbidity and mortality in industrialized countries than in developing countries, appreciation of the likely pathogens is important for the design of case management and public health policies. We continue to conduct surveillance of our population and of others to more fully illuminate the changing nature of enteric diseases.
